Nuclear receptors such as pregnane X receptor (PXR) and constitutive androstane receptor (CAR) regulate the transcription of transporter and cytochrome P450 (CYP). The diurnal variation was observed in some transporters regulated by nuclear receptors. We investigated whether diurnal variation in PXR and CAR exists in mice. We also examined the effect of food intake on the diurnal rhythm of hepatic PXR and CAR using fed and fasted mice. In liver and small intestine of fed mice, the mRNA levels of PXR and CAR were unchanged between 7:00 AM and 7:00 PM. In contrast to fed mice, fasting mice partly exhibited the diurnal variation in PXR, not in CAR. The mRNA levels of PXR at 7:00 AM were significantly higher than that those at 7:00 PM in liver of fasting mice. These results indicated the different effects of fasting in mice on diurnal variation of PXR in each tissue.
Introduction
The nuclear receptors pregnane X receptor (PXR, NR1I2: GenBank NM_010936) and constitutive androstane receptor (CAR, NR1I3: GenBank NM_009803) are involved in the primary response to xenobiotics and endogenous toxins. These receptors respond to ligands by activating the expressions of genes encoding enzymes involved in phase I (functionalization reactions) and phase II (conjugation reactions) metabolism and transporters [1] [2] [3] . Recent studies have shown that the gene expression of several transporters such as H + /peptide cotransporter PEPT1 [4] and P-glycoprotein [5] exhibited the diurnal variation. It is also reported that fasting changes both the quantity of cytochrome P450 (CYP) and the metabolic activity of rat hepatic microsomes, inducing CYP2B1, 2E1, and 3A2, and reducing CYP1A2 and 2C11 [6] [7] [8] [9] . However, little is available on the correlation between the diurnal variation of transporter or CYP and that of nuclear receptor. The diurnal variation of PXR or CAR is an important factor to design the experiments for transporters or CYP if the diurnal variation were shown. It is known that the expression of transporters and CYP were affected on pathological condition. We also previously demonstrated that the mRNA or protein levels of transporters and CYP regulated by nuclear receptors were changed on arthritis condition [10, 11] .
In the present study, we investigated the diurnal variation of PXR and CAR in mice liver and small intestine. We also determined whether the fasting influences the diurnal variation of PXR and CAR. This information is important for the determination of alteration in transporters regulated by PXR and CAR.
Materials and Methods

Animals
Five to 6 weeks old male ddY mice were purchased from Japan SLC Co. (Shizuoka, Japan). Mice were housed in an air-conditioned room at 22˚C ± 0.5˚C with a 12-h lighting schedule (7:00 AM-7:00 PM) and were fed on the light/dark schedule for 1 week before they were divided into fed and fasted groups. Four different groups of mice were used in this study: 1) control group fed normal chow (MF, Oriental Yeast Co., Tokyo, Japan) sacrificed at 7:00 AM; 2) control group fed normal chow sacrificed at 7:00 PM; 3) fasted for 3 days sacrificed at 7:00 AM and 4) fasted for 3 days sacrificed at 7:00 PM. Water was available to all groups throughout the experiments. The experiments were approved by the Committee for the Care and Use of Laboratory Animals at Kinki University School of Pharmaceutical Science.
Tissue Preparation
The liver and small intestine were removed from mice with/without fasting after anesthesia by inhalation of ether and euthanasia by cervical dislocation. The small intestine was flushed with 50 mL of ice-cold saline, and was excised. The small intestine was a length of about 5 cm removed from about 5 cm below the ligament of Treitz. Each sample was preserved at −80˚C until use after flash freezing with liquid nitrogen.
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Statistical Analysis
Significant differences between mean values of the gene expression levels were estimated using Student's unpaired t-test. Figure 1 showed the diurnal variation of PXR and CAR in liver and small intestine derived from fed mice at 7:00 AM and 7:00 PM. PXR and CAR exhibited similar mRNA levels in liver and small intestine, suggesting that little diurnal variation of PXR (but not fasting) and CAR exists. To clarify the effect of fasting in mice on diurnal variation of nuclear receptors, the mRNA levels of PXR and CAR were determined in liver and small intestine of fasting mice. Figure 2 showed the diurnal variation of PXR and CAR in liver and small intestine derived from fasting mice at 7:00 AM and 7:00 PM. Interestingly, the mRNA levels of PXR exhibited diurnal variation by fasting for 3 days in liver. The PXR mRNA levels at 7:00 AM were significantly higher than those at 7:00 PM in liver. In contrast to PXR, the diurnal variation could not be observed in the CAR mRNA levels. Little change on diurnal variation of PXR and CAR was observed in small intestine. These results indicated that PXR and CAR exhibited little diurnal variation except for PXR in liver derived from fasting mice. The diurnal variation of transporters regulated by PXR and CAR could not be altered by the change in the mRNA levels of PXR or CAR under normal conditions. Therefore, diurnal variation in some transporters such as PEPT1 [4] or P-glycoprotein [5] could occur by change of other factors. These results also indicated that the consideration for diurnal variation in PXR and CAR is unimportant for experimental design under normal conditions. We assumed that fasting influenced the diurnal variation of nuclear recaptors because Pan et al. demonstrated that the expression of PEPT1 was affected by fasting [4] . In fasting condition, little diurnal variation of PXR or CAR was shown expect for PXR in liver. It is possible that the alterations in some factors such as lipid or glucose metabolisms under fasting condition affect the liver compared to the small intestine. However, it is unclear the precise mechanisms for diurnal variation induced in liver by fasting for This study provides important information regarding the diurnal variation of PXR and CAR with/without fasting. Little diurnal variation was observed on normal condition, whereas, it is possible that the expression of transporter or CYP regulated by PXR is affected by alteration in diurnal variation of PXR on fasting condition. 
Results and Discussion
